(TJ1LE):

C(SOURLE ) ;

. ———— e m—————— . - . A ce— 4

COMPONENT PART MOTICE
1H1S PAPER 1S A COMPONENT PART of THE FoLLowine COMPILATION repomT:

dre e bings of the Totern tionsl Gunteren-e on the Performan ¢ of

i
Nttt Vehiigles ant Machiaes (Arh) Vodume | Hed b oar b d Y,
f (20 Sy ] y ‘m
e dibtiband o Agrust o110, 1034 L_);_]__EC
"?: | o ‘ R ol G
fnternat comal Sotiety tor Terrsa=Veih le Sy .tems ﬂ} -L STk 'Y
T 3
OEC 2 71984 !
- — — .
To orDER THE CoMPLETE COMPILATION REPORT USE _ AD-145 n%3 . A -
. L
Te COMPONENT PART 1S PROVIDED MERE TO ALLOW USERS ACCESS TO INDIVIDUALLY
AUTHORED SECTIONS OF PROCEEDINGS, ANMALS, SYMPOSIA, STC. HOWEVER, THE
COMPUNENT SHGULD BE CONSIDERED WITHIN IME CONTEXT OF THE OVERALL COMPILATION
REPORT AND NCT AS A STAND ALONE TECHNICAL REPGRT -
THE FoLLowing COMPONENT PART mumBeRs compriSE THE COMPILATION REPORT:
AL : TITLE:
Aar=prt R Motelisatioan e ooas hors Roates ot tu Sol en Vue
de 1'Amelior tion - ta Tra tion (Modellfing of Off-Roat '
Tyres ol Sorl to Improvel Tra tion)
AP g Jevelepment of a5 1-Wheel Ingers ¢in Motel
Ad=indtg a0 Sofl Complign ¢ In laen e on Tyre Performance
APl 26 The Rolliny Qesist noe an’ Sinkave of Towed Dual Wheel
fombinettons in 5!
AN-POO 262 Pertorman « Predi  don of Pneumat Tyres on San?
AD-DPrY 263 Effe:ts of Slip on Eperpy Distribution between Tyre ani
5011 t
A)-Prrs 264 Trattfon Forces of Jrive Tyre on the Compa:ted Soil
AD-P1Ya 265 Predictton of In~5 nd Tire and Wheeled Vehicle Drawbar

»

Performan ¢

AD=P) G 266 Dynam{ Simulat{on >f Tra:k Layinp Vehicles
A0-M04G 267 Designing Otf-Roai Vehicles wich 601 Ride Behoviour
AD- P0G 263 Theoreti{sche Unteriwhung Einer Aktiv-Federung tuer

Rad-S:hlepper (A T .goretical Tnvestig tion of an Active
Suspension System gr Wheeled Tra tors

This doqumont bas been approved
for public release and » Jde; ug

_distnbunon is unlimited Copy availcble to DTIC does nat
permi: fully lcgible 1sproduciiop




o W

COMPUNENT PAKT NOTICE tcon' 1
AD# TITLE:

. ‘ \ , 5 .
RV BN Leistungal efperung unl Veroeaserung des Fab ploantoer
Bet Selhstfahrenfen Baumas hicvon arch Redues e
Finsatbedingt e Nick- und Hubs hwingo pon (Tue reae
n Perfom e anl Inpraveroar of 4o Cowtorr of
Seltf-Propelle !l Sontruction Machinery bty Hedu ing Pir b
art Verty al hration)
w ADSPDGG 270 Stresses (oo b ru Genevating hy Bulldoers
AD-Pooa 07 Finfte Element, Analysis of Grounl Cetormation Beneath
Moving Tra k Loads

At e A Rig fortTenting the Soft Sail Pertormance of Track
- System:s
-
. . . o . 3
A=y o Die Abhaegipk it der Botlentragfachigkeit uni ler

Zugkraft von ler Abstanigroesse der Bodenplatten
(Thie Depenten ¢ of Soil Beariog Capa ity an! Drawbar

Pull on the Spacing between Track Plates)
AV PO 746G The Dynami Iitera tion between Tra k anl Soil

AD-Prre 00n Analysis of Ground Pressure Dictribution Beneath
Trarked Model witi Respert to External Loating

A= P 2T6 A Compartson between a Conventional Metho! anti an
Improved Meth:t! for Predi ting Tra ked Vehi le P forman ¢

LYSEREATS I Effect of Hit b Posit{rns on the Pertorman e of Tra k/Grouser
Svstems
Ab=10G 278 Grouser Effect Stulices
A )04 279 Ride Comfort ot Oft-Road Vehicles
A=~ M0 DRN Further Development fn Ride Quality Assessment
AP L 2R1 Comparison o! Measured and Simulared Riie Comfort for an A
Agricultural Tra-tor and Tnfluence of Travel Specd and
Tyre-Inflatiun Pressure on Dyramic Response B
e
)
Ap UL 262 Characterisat' s of Fram Field Profiles as Sources of I
Tractor Vibration e e
Tyt itation) )
Fyctlanility Codep

‘Avatl and/or"
et | Speclal

t




349 1

ACALYSIS OF GROUUD PRESSYRE MTOTRIPUTION BENTATH TRACKED
VODEL VITH RESPECT TO BYXTuRUAL LOADITG

I’AREK M. PONCYTIUSZ
T.12.R.C., TECHNICAL UNIVERSITY, WARSAW, FPOTAND

INTRCDUCTION

Thig paper is o continuation of the investiganticn,results
of which were presented at the last Conference ISTVS in
Calgary in 1981 /Traction Invegstigation of a Tracked
Venicle Model/.

The results obtained then permitted to draw certain
conclusions, however the neceagity of rearrangenent
concerned with the test model and the framgtof conducted

-

investigation cppeared simultaneously. s

New regearch aimed at settling the effect of changes of the
centre of ~ravity /C.G./ on tractive e¢fforts and on
dlstribution of ground pressure beneath the track /i.e.
II'F, NGT/. The location of C.G. varied acecording to the
changes of external loadings.

The measurement of the drawbar pull and the distribution

¢f presaure between track and soil layer were corried out

in the model ncnle.

THE TEST~STAID

The model of the tracked gelf-propelled vehicle running in
the mobil s0il bin weg the mechunicnl pert of the test

n purntus. The model and the ©oil bin were being described
in the pnper which was presented at tie 1::p5t Conference[1].
The syvoten of repistration of the drowb.r pull underwent o
chupes. The vehicle nodel wnas connected ith the immovable
socle thirouprh 'u. octrgonal dynroreter designed according
te [?]. The encuringe systen of drowbar pull hnd better

ge. civity ond licenrity than previnug once /Mg, 1/

Tne rigdd steel plate enabling fro..t 1o ifin- of the nodel
/with the wid of bob/ wio now.ted ri-ht over the front sheel ;

/¥ie. 2/,
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PREPARATION OF THE S5OIL

The s0il prepared for measurements hnd gpecified nechanical
conctitution due to uniform mixing and humidification so
that it pcasensed homogseneous structure,humidity and densalty
in the whole bin.

Humidity of the s0il was checked every day before beginning
end after corpletion of the experiments,

Jefore each test the soll was mixed,levellized and compacted
by means of mechanical compnctor.

All the tests were carried out on the cloyey sand,

The physicnl soil properties and the grain size distribution
are shown in Table 1 and Fip. 3 respectively.,

Table 1. Physical properties of the goil

wet density /kﬂ/ﬁjf 26,1
avera;e water content /7%/ 9,0
cohesion /kxPa/ 10,0
argle of internal friction 29,0
bulk density /klN >/ 16,0

Ak

0.004 0ot Y] 10
Grain sixe  mmn

Pipg. 3. Crain size distridbution

I lested scil.

[ T
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TRACTIVE MEASUREBENTS

The disposable drawbar pull and the machine loading coming
from the soil /when the track was rolling/ were registered
during the tests. The tests were carried out for the value
of slippage 8=20% and s=100% /what means loosening the
machine adherence with seil/.

In comparison with previous investigation there were
increase of slippage value from s=8,4% to s=20%. It was aso,
because the tendency to the lateral tilt occured when the
slippage value was 3=8,4%. It mainly took place after 2,0
or 2,5 m of riding. When slippage value was 20% model was
not diasposed to tilt itself.

The location of C.G. was varied in each serie of
measurements.

The simulated external loading of the model was obtained by
means of additional masses fastened down to the model at
different places.

The following drafts of loading were separated:

a/ an additional mass 228 N /8,8% mass of the model/ -Fig. 4
b/ " 319 K /12,3% " / =-Fig. 5
c/ " 547 N /21,0% n /  -Pig. 6
a/ " 696 N /26,0% " / -Plg. 7

Loadings,which simulated@ an action of a bulldozer blade

were given up in discussed investigation /practically a
horizontal component of force/. It was why,because this
component of loading was simulated by means of a system of
two horizontal parallel cords fastened to the model on the
both sides and there was no poszibility of determination of
cord tension with a sufficient accuracy. The additional mass
which created the tension in cords hung freely and was
expoged to the action of uneven body forces.

Before each measurement the track was re-set in a determined
which occured every 35 revolutiona of a track sprocket.

The number of revolutions resulted from transmission ratio
5f the chain drive,

This way a conatunt track tension /i.e. horizontal loading
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troe ot cre e ool o ront o wheel ol the nolel/ was being
ottained, Alen ench girain gnupe waa netting then to zero
or to the constnnt fixed value by means of the digital
volimetor. It made gure nbout efficient accuracy of

measurement.,

DATA ANALYSIS

The conducted tests made possible to reveal some distinct
regularities existing in correlations of the type of the
uged additional load /i.e. location of C.G./ and values of
the drawbar pull as well as ground pressure dietribution
beneath a track of the mouel.

A value of the drawbar pull /D.P./ depends on a location of
the centre of gravity /C.G./ The weight of the model varied,
so gome operations had to bhe introduced. When the model was
loaded with an additional mass, the obtained values of D.P.

were equated, so:

mb
D.P.an = D.Pm '-E;—- /1/
where:
D.P.a“ - an analysed value of D,P.
pr. - a aeasured value of D.P.
m, - a basic mass of the model /265 kg/
m, - a mass of the model when the DOP.m wasg

measured.
The loadings of the rollers were diminished too. An influserce
of tie addfitional mass was eliminated, so variable values of
DeP. couli have been compared.
This way a pheno.enon of a chunge of a C.G. was obtained
without changing of a total muss of the model /in theory of
rourse/.
The isplace-ent of C.G, influences on a point 88 location
/cen‘re of the benrine reactions of the ;round/.

The point "o 5 lecation /XS/ way comprrted by /0/ [fig.8/

o /Ty = Fo/ 0,25 L+ [Fpo = Fon/ 0,5 1L ,
5 Foo + Poob B¢ Fooog 1 /7
A'% c r;) + E + "FG
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vhere:
"ATk“ .e P%“G - reactions ng shown in fie. o
- track prouisd contnet lerntn

I

T
it

The equntion /o/ resulted from the cauniliirinn of rorents

ii
of n venring reactiona F in relatdion to ti point .
Such o way of computing ol x. hns been admitted as @ correct

v ]
\ . I T
one,hecrise of intentionally high value of n ratio T
J

LT R
T = 47

i

Twm = track link pitch

LR - pit\:
1t cauned tie decny of vertical londing of n tracit between

—

v of gupporting rollera,

two rollera [4] . Tt aecemed that in this cone the vertico
londingg were concentrated nrcunt tie rollera ani egquation
/07 wen not snddled with o sinificot error,

A de;endence setween location of C.G. i, X WML gi.own in

fire 9 /point D = miidle of the contnct arcn of 0 tvoen/.

During the luvestigationas C.G., wnus giiifted on o limited

sente of 0,146 m /247 of the track ground co.tnct le.th L/.
0

The centre of tenring reactlons 5 ochrngpes o acnle

’ 0
0,177 = /20% L/, D.U. value depyends oo tie loc tion of C.7,
/KC:/ na well as Xe = value,

A1l depeniencies are non-lineary in accordance with toe
recrescion analysis /by mennu of the microconputor with She

pletier/ both nre gecond-de-ree polynor.ial,

b
Fiyure 10 anow:s depentence Do f/—Tgﬁf, WaOrY Xas Lo on
daplacernent of CL 5, entoured from foe loceotlon
the metel without antiitionngl mnss, -
In fi;0 11 Lhe course of function DI = ==/ cleorly shown
t ot lieplacee ent of point 5 townrds tooe Froot or te o il

C 5 ot tner o woe ol

Nele to oo cortnlin (o reey furtoer

iopluce et towreds the contre of sy cetry of o moited

cenefitny ]
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x - XA
ocours for-ix%f——i = 0,055 practically when both points are

in line, The larger distance between points, the higher

value of D.TP.

CLO3ING RELARKS

—r—

1. The results of investigations confirm an assumption that
D.P., depends on the location of C.G., of the model., The D.,P.~
value varieg between 720 N and 1300 N, 1i.e. almost 100 per

cent more.
So great difference causes a necegsity of the inuvestigation
cf C.G. location’s effect on the drawbar pull.

2. All t .e obteined dependencies lixe D.P. versug factors of
the model ‘s state of loading ere non-linear.,

3. The gauges fixed in tihe model permitted to the continuous
recording of ground reactions loaded the model’s frame.
Computed centre of reactions depends on the location of C.G.
of a tracked vehicle.

4. The grourd pressure distributions obtained during
investigations permit to estahlish & loading spectrum of
models frame and to carry out its fatigue limit anaiysis.

5. The curried out anelysi; allows to make most favcurable

distribution mass of the model /for tlie used soil/.

6. The vertical louding of the frame is not uniform as well

ag the trian,-ular,

Further rese:rch on propagation of stresses in ground beneath *
the track /related to the concentrated force F loadin;g a

reller/ ia poing on,

RE'ERENCES i
[1] A. riErzwrckI, k. 1. PONCYLIUSZ, Traction Investigation

of a Track Vehicle ladel, The Proccedings of the Tth

Confere..ce ILUTVS, Culpary 191




(2]
[]

[
[5]

N. H. COOK, E. RABINOWICZ, Physical \easurement and
Analysis, Addison + Vesley, Reading 1963

D. ROWLANID, Tracked Vehicle Ground Pressure and It s
Effect on Soft Ground Performance, The Proceeidings of
the 4th Conference ISTVS, Stockholm 1972

V. SKOTNIKOV, A. PONOLAREV, A. KLIMANOV, The Mobility
of the Machines /in Russian/, Minsk 1982

K. KOGURE, T. KUDO, Shearing Properties of Sand Under
a Repeated Loading Representing the Ground Pressurc
Distribution of a Tracked Vehicle, Journal of
Terramechanicas 1977, No 4.




